Background: Prolonged exposure to oxygen during ventilatory support is likely to generate physiological abnormalities in the lungs of critically ill infants with bronchopneumonia. The induced physiological changes could impact the growth of young infants and could promote morbidity and mortality of susceptible patients. This article addresses the relationship of prolonged ventilation, severity of infection and type of feeding with growth of young infants and how this could promote morbidity and mortality of susceptible patients.
Introduction
Morbidity and mortality from acute lower respiratory infections (pneumonia) are high in developing countries [1] . In Egypt, 15-20% of childhood deaths in 2000 were attributed to pneumonia [2] . Pneumonia is the deadliest acute respiratory infection [3] . In 2008, the under-five mortality rate was 21.8 per 1,000 live births. Pneumonia and diarrhea caused 15% and 13%, respectively, of deaths in this age group in 2000 -2003 [4] . Malnutrition [5] , young age [6, 7] , low birth weight, lack of breast feeding [8] , compromised immune response [9] and lack of vaccination [10] are strong predisposing factors for pneumonia in developing countries. Malnutrition aggravates the severity of diarrhea and pneumonia and increases mortality from these diseases [11] .
Respiratory distress (RD) due to infectious pneumonia indicates that the illness is of critical severity. Severe grades of RD include acute lung insufficiency (ALI) and acute respiratory distress syndrome (ARDS). Inadequate ventilation is reflected in abnormal blood gas values. Paradoxically, the very treatment modality that is necessary for treatment in severe respiratory illness, i.e., oxygen, has potential adverse effects on patients. Prolonged exposure to oxygen during ventilatory support is likely to generate physiological abnormalities in the lungs of critically ill infants with bronchopneumonia. We therefore assessed the association of prolonged exposure to oxygen with the clinical course of infectious pneumonia, nutritional status, relative growth and lung functions of newborn and young infants with severe pneumonia requiring ventilatory support.
Limited data are available for Egypt regarding the association between nutritional status and the severity of RD in infants hospitalized with pneumonia. Worldwide, low weight-for-age (underweight) and other markers of protein-energy malnutri-
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Int J Clin Pediatr. 2016;5(2): [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] tion are predictors, along with age, temperature, respiratory rate and increased respiratory effort, of the outcome of serious bacterial infections [11] . According to WHO [12] , more than 30% of children under 5 years of age worldwide are malnourished. In Egypt, 23.8% and 5.4% of children under five are stunted or underweight, respectively. In Egypt, morbidity and mortality in children less than 5 years of age with infectious pneumonia remain high, but exact statistics are not available. The clinical outcome depends on the prompt delivery of antibiotics and of nutrients via the intravenous (IV) and nasogastric routes, and also on the availability of ventilatory assistance. In underdeveloped countries, lack of standardization of hospital care hinders the optimal application of proven effective strategies. The present study concerned Egyptian children less than 5 years of age who were hospitalized with RD due to bronchopneumonia. The study assessed the impact of 1) growth parameters as indicators of chronic nutritional status, and 2) specific nutritional deficiencies on the clinical course of pneumonia.
Patients and Methods
This was an observational study in which growth and nutritional status were assessed in patients with community-acquired pneumonia. The purpose of the study and any special procedures were explained to the child's mother or a primary caregiver or next to kin and verbal consent to enrollment was obtained. Consent was obtained as well from the treating physician. In accordance with local practice at the time when the study was carried out, the study was approved by Cairo University Children's Hospital authorities and was part of the hospital chart. Both the hospital and Ain Shams University in Cairo reviewed and approved the research proposal. The patients comprised all those admitted between December 2002 and February 2003 who had RD on admission and received a diagnosis of bronchopneumonia. Patients were grouped into two groups based on the severity of the RD: group 1 (G1) had more severe pneumonia defined by the requirement for oxygen therapy; group 2 (G2) had less severe pneumonia and did not require oxygen therapy. Controls (group 3, C) were healthy infants and children who were attending the outpatient clinic of the hospital to receive periodical vaccinations or were in the hospital recuperating from acute illnesses. The study plan was to assess patients in G1 and G2 on admission and to perform repeat assessments on one or two occasions after variable intervals. Control subjects were assessed only once using data obtained in the course of their medical management. The number of patients (convenience sample) was determined by the number of patients who were admitted and met the study criteria during the study period selected.
The objectives of the study were to assess growth and nutritional status of infants with bronchopneumonia and to determine any association of nutritional status with the course of the illness; to correlate anthropometric measures with concentrations of plasma proteins on admission; to assess the impact of prolonged use of oxygen on concentrations of plasma proteins; and to assess the effect of confounding factors such as diarrhea, fever, low birth weight and absence of breastfeeding on the course and severity of the illness.
Study subjects were consecutively admitted patients from December 1, 2002 to February 28, 2003 to Cairo University Pediatric Hospital who received a diagnosis of bronchopneumonia and met the inclusion criteria listed below. The 57 patients (30 males and 27 females) were between 23 days and 48 months old. The control group (C) included 18 healthy infants and children of either gender who ranged in age from 5 to 36 months.
Pneumonia was classified as very severe (grade IV) if patients were unable to drink, had abnormal sleep or convulsions or were dehydrated; severe (grade III) if patients showed chest retractions; and mild (grade II) if there was tachypnea but no retractions (Fig. 1) . Tachypnea was defined as > 50 breaths/min in infants and > 40 breaths/min in older patients. Chest retractions were frequent and were predictive of bronchopneumonia, particularly in protein-energy malnourished subjects. A diagnosis of bronchopneumonia was made if there was 1) a history of cough with or without fever, 2) rales and/or mucopurulent discharge, and 3) two or more of the following signs on chest auscultation: diminished air entry, rapid bronchial breathing, crepitations or wheezing. Laboratory results confirmed that most pneumonias were bacterial in etiology. All patients had a confirmatory chest X-ray showing patchy infiltrates in more than one lobe, and many patients had positive blood cultures growing mostly Streptococcus pneumoniae. Empirical antimicrobial therapy was started with one or two antibiotics until blood culture results were available and therapy was modified accordingly.
Severe respiratory failure was defined as partial pressure of oxygen (PaO 2 ) < 60 mm Hg, or oxygen saturation (SaO 2 ) < 90%; or partial pressure of CO 2 (PaCO 2 ) > 8 kPa; or pH < 7.25 while breathing room air. Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) were defined by an arterial oxygen tension (PaO 2 )/fraction of inspired oxygen . Supplemental oxygen and mechanical ventilation were used with the aim to bring SaO 2 to 90-100%. Patients were included in group G1 if they had respiratory failure that required supplemental oxygen therapy with or without positive pressure support. Patients were included in group G2 if they did not require oxygen therapy. Zero time was defined as any point before oxygen was supplied.
The techniques recommended by Jelliffe [14] were used for measuring weight and length. The length of infants was accurately measured on a recumbent length board. Measured weight and length were converted to z scores of weight-for-age (WA), height-for-age (HA) and weight-for-height (WH) using the National Center for Health Statistics growth standards [15] .
Undernutrition involved any of the following: 1) Underweight and severe underweight were defined as -2 and -3 SD below the NCHS/WHO reference median of weight-for-age (ZWA score). 2) Wasting and severe wasting were defined as -2 and -3 SD below the NCHS/WHO reference median of weight-for-height (ZWH score), respectively. 3) Stunting and severe stunting were defined as -2 and -3 SD below the NCHS/ WHO reference median of height-for-age (ZHA score), respectively. Figure 2 presents the cutoffs of z scores definitions of normal versus undernutrition, wasting and stunting according to WHO/NCHS. Upon admission, most patients received intravenous (IV) fluids, which were gradually replaced by oral fluids as the patient's condition improved. Fluid intake for G1 patients in 24 h typically was set at a rate of 100 mL/kg for the first 10 kg plus 50 mL/kg for the second 10 kg plus 20 mL/ kg for the third 10 kg. IV fluids consisted of 12% glucose, 10 mEq/L potassium, 30 mEq/L sodium and 40 mEq/L chloride.
Arterial blood gas analysis was performed to monitor ventilation. Oxygen was delivered using a head box, mask, nasal cannula or mechanical ventilator. Oxygen saturation of the blood was measured using pulse oximetry.
Blood samples were drawn from G1 patients after 24 -48 h of oxygen administration. In G2 patients, blood samples were drawn 24 -48 h after hospital admission. A 5 mL venous blood sample was drawn by antecubital venipuncture. The heparinized blood was immediately centrifuged at 3,000 rpm for 15 min at room temperature. Plasma was used for the determination of albumin according to Grant and Kachmar [16] and of total protein according to Henry et al [17] . Criterion for exclusion from analysis was contamination of plasma by blood. Blood hemoglobin concentration was determined by photometric quantitation of cyanmethemoglobin at 540 nm [18] . Plasma ceruloplasmin (Cer) was determined by its oxidase activity according to Schosinsky et al [19] . Plasma copper was assayed using the method described by Abe et al [20] . Blood gas determinations were made using arterialized blood samples.
Statistical analysis
Continuous variables were compared between groups us- 
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Int J Clin Pediatr. 2016;5(2):19-28 ing either one-way analysis of variance with Tukey-Kramer correction for three pairwise comparisons, or by the independent t-test for characteristics only available for G1 and G2. Categorical characteristics were compared between groups by Fisher's exact test. The association between the indicators of malnutrition and binary pneumonia morbidity outcomes (death, recurrent illness, other illness) were tested by Fisher's exact test and measured by odds ratios with exact 95% confidence intervals after pooling G1 and G2. Duration of ventilation was compared between indicators of malnutrition by the ratio of geometric means with testing by the t-test on the log scale due to its log-normal distribution. The within-patient trends of plasma protein levels over time for patients on oxygen therapy (G1) were estimated by the random coefficients model with random patient-specific intercepts and slopes to account for the irregular (and sometimes repeated) longitudinal measurements per patient. Due to the small sample size and exploratory hypothesis generating nature of this study, we did not attempt to control for potential confounders and did not adjust P values (all two-sided) for the multiplicity of tests. All analyses were performed using SAS Version 9.3 (SAS Institute Inc., Cary, NC, USA). Figures 1-3 were generated using GraphPad Prism version 7.
Results

Nutritional status
Data on patients' growth, anthropometric and clinical characteristics at the time of hospital admission are summarized in Table 1 and Figure 2 . The control group was significantly older than G1 and G2. The groups differed with regard to growth characteristics, with patients in G1 and G2 showing significantly lower z scores for all anthropometric variables than patients in the control group. G1 had consistently, but not always significantly, lower z scores than G2. Johar
Although not statistically significant (G1 vs. C, P = 0.08), low birth weight was most common among G1 patients (18%) followed by G2 patients (11%) and was not present among control patients (0%). G1 had the lowest rate of breastfeeding (60%) followed by G2 patients (84%) while all C patients were breastfed (G1 vs. C, P = 0.001). All subjects belonged to lower socioeconomic groups.
Although rates of prior hospitalization and prior pneumonia were approximately twice as high in G1 as G2, this difference was not statistically significant due to the small sample size ( Table 1) . As intended, G1 included all patients with disease severity IV and a greater proportion with severity III than G2 (P < 0.001) (Fig. 1) . A total of nine study patients died. Eight of them belonged to G1.
Of the patients, nine presented with severe forms of rickets, one had rickets and cardiomyopathy, two had anemia, one had jaundice, one had a left shift in the differential white cell count, one needed a blood transfusion for severe anemia, one presented with severe malnutrition with anemia and rickets and one presented with delayed development together with anemia and rickets. One patient acquired pneumonia in the hospital after aspiration of gastric contents. Vomiting and diarrhea were more common among G2 patients than among G1 patients (P = 0.023 and 0.081, respectively). Although not statistically significant, both fever and death tended to be more common among G1 patients than G2 patients (P = 0.14 and 0.25, respectively).
Biochemical parameters
The mean blood chemical values are presented in Figure 3 . There was no significant difference in any of the plasma proteins between the two patient groups on admission. Both patient groups showed significantly lower concentrations of albumin, Hb and Cer on admission compared to C patients. In all three groups, there was a high prevalence of low Hb levels (< 10.5 g/ dL, 0 -9 months; < 10 g/dL, 9 -12 months; < 11 g/dL, above 1 year) on admission. Twenty-six percent of G1 patients suffered from moderate hypoalbuminemia and 34.2% had deficient total protein levels on admission (< 5 g/dL, up to 1 year; <5.5 g/dL, 1 -4 years). The prevalence of hypoproteinemia and hypoalbuminemia was higher in G1 than in G2 and in C, respectively.
The associations between nutritional status and pneumonia morbidity are summarized in Table 2 and Figure 4 . Low birth weight was associated with an increased risk of death (P = 0.029), but low ZWA, ZHA and ZWH were not associated with mortality. Low ZHA was associated with higher rates of recurrent infection (P = 0.002) and other illness (P = 0.008). Low ZWA was associated with increased rates of recurrent infection (P = 0.040) and increased duration of ventilation (P = 0.043). There were no other statistically significant as- sociations between indicators of malnutrition and pneumonia morbidity. However, recurrent infection rates and duration of ventilation were consistently worse among patients with indicators of malnutrition. The association of ventilation with plasma proteins is depicted longitudinally in Figure 5 . In G1 patients, plasma albumin decreased significantly over time with a slope of -0.075 ± 0.02 g/dL/day (P = 0.005). The A/G ratio also followed a decreasing trend since globulin was stable over time.
The median duration of exposure of G1 patients to oxygen was 101 h. Arterial blood gases are summarized in Table 3 . In G1, the hourly change of arterial blood pH was significantly greater than zero time (0.000157 units/h, P = 0.037). PaO 2 , SaO 2 and FIO 2 were elevated similarly but insignificantly from zero time. HCO 3 , P/F ratio and PaCO 2 were insignificantly reduced from zero time. Significant differences between G1 and G2 patients in HCO 3 and PaCO 2 (P = 0.001 and P = 0.003) were observed.
Discussion
Growth and nutritional status
Anthropometric measurements were consistently low in pa- tients. The prevalence rates of underweight, wasting and stunting were 45.6%, 33.3% and 35.1%. According to WHO [21] , such rates are considered high prevalences. The patients showed other evidence of protein energy malnutrition. And there was no weight gain during hospitalization in spite of the relatively long treatment period (data not shown).
We found moderate underweight (-3 SD to < -2 SD) in 40.9% of all patients < 12 months of age and in 61.5% of G1 patients ≥ 12 months of age. Recent weight loss (wasting) is a sign of protein-calorie deficiency, indicated by low ZWH in G1 compared to G2 and C. The co-occurrence of underweight and wasting in G1 patients denoted chronic malnutrition. G2 patients exhibited a milder underweight status compared to G1. The observed low ZWA on admission agreed with the findings of others [22] [23] [24] [25] . From a review of studies from developing countries, Victora et al [26] concluded that underweight infants have a higher risk of mortality, case fatality and morbidity from pneumonia or ALRI. In critical illness, fat is preferred over carbohydrates as a source for oxidation. Although fat stores were not evaluated in the present study, the persistent underweight in G1 patients suggests that they had diminished fat stores.
Low ZHA identifies children with stunting, which is a consequence of chronic undernutrition. Control subjects were significantly heavier, taller and had significantly higher ZHA scores than G1 and G2 patients. In G1, low ZHA was observed in 69.2% of patients ≥ 12 months. Stunting was not detected in G2, probably because they were younger than G1 patients. The occurrence of recurrent infections and other illnesses was strongly associated with growth deficits and was coincident with a higher number of infants < 12 months in both patient groups compared to C. Hence, respiratory failure in G1 could have been aggravated by their early nutritional depletion.
Very severe forms of rickets were reported in 17.5% of patients compared to none of the C group. Eighty percent of ricketic patients required oxygen therapy. A comparable study from Ethiopia [27] showed a 13-fold higher incidence of rickets among children with pneumonia than among controls.
Diarrhea Surprisingly, our study revealed a higher incidence of vomiting and diarrhea among G2 compared to G1 patients. This could be due to the younger age of G2 patients. Egyptian infants < 12 months have been found to have a 4.6 times higher risk of persistent diarrhea than older children [28] . The lower weight of G2 patients probably played no role since underweight is not related to diarrhea morbidity [29] .
Breastfeeding
Short duration of breastfeeding and unfavorable weaning practices are common in developing countries. Breastfeeding protects babies against many types of infections during the first 6 months of life. Etiler et al (2002) [30] demonstrated that ARI was associated with non-exclusive breastfeeding and stunting. Breastfed infants showed a lower risk of morbidity and mortality from ARI [31] . Pullan et al (1980) [32] demonstrated that breastfeeding protects against viral pneumonia. In our study, breastfeeding during the early months of life was associated with shorter length of oxygen therapy (P = 0.032).
Infection is accompanied by metabolic stress with increased production of free radical species and auto-oxidation of various biological molecules. Without sufficient antioxidant protection, oxygen therapy may constitute an additional source of oxygen free radicals. Metabolic studies show that critically ill infants with high metabolic rates have higher fat oxidation than patients with lower metabolic rates [33] . Breastfeeding provides babies with endogenous antioxidants such as uric acid and bilirubin. Thus, lack of breastfeeding could have aggravated the adverse effects of oxygen and could have contributed to the higher mortality in G1 compared to G2 patients.
Total protein
Previous studies recommended higher intakes of protein and energy for critically ill children, particularly those under 2 years of age, than for healthy children 1) to compensate for the high rate of protein turnover, 2) to meet higher basal energy requirements in infants < 2 years of age, 3) to maintain growth [34] . Chan et al (1999) [35] showed that it is difficult to achieve positive nitrogen balance in critically ill patients on parenteral nutrition due to the ongoing catabolism. In our study, the reduced plasma total proteins in G1 patients agree with the above suggestions. Reduced albumin levels paralleled changes in total proteins and Cer levels in G1 patients, as was found by Labeeb et al [36] . A negative nitrogen balance may be assumed for our G1 patients as they presented a higher severity of illness and had only modest protein intakes. In the study by Coss-Bu et al [33] , a lower rate of protein oxidation was reported for critically ill infants with a positive nitrogen balance than for infants in negative nitrogen balance.
Albumin
Albumin determines the colloidal osmotic pressure of blood. Hypoalbuminemia (< 2.5 g/dL, up to 1 year; < 3 g/dL, 1 -4 years) has been associated with increased morbidity and mortality among hospitalized patients [37] . However, low albumin concentration does not necessarily indicate poor nutritional status or loss of body mass [38] . Rather, the cause can be decreased albumin synthesis due to inflammation and metabolic stress mediated by cytokines in response to injury [39] . But most of the time hypoalbuminemia indicates a state of undernutrition. High morbidity and mortality among hospitalized patients [37] and severe loss of body proteins [40] have been associated with hypoalbuminemia. Several authors reported a positive correlation of albumin concentration with weight, body mass index and skin fold thickness [41, 42] . Merritt et al (1985) [38] suggested that hypoalbuminemia is associated with inflammation, as in pneumonia, rather than being a common marker of protein [22] or caloric deficiencies [39] . Our data on plasma albumin during the acute phase are comparable to those obtained by many authors [22, 25, 36, 43] as they indicated a negative linear correlation between plasma albumin and the length of oxygen therapy in G1. Hypoalbuminemia during inflammation [44] and during the edematous phase of PEM (i.e., Kwashiorkor and marasmic Kwashiorkor) [45] is due to reduced synthesis. Klar et al (2003) [43] suggested that in severe infections such as pneumonia, intestinal permeability is increased which results in protein loss that could aggravate pulmonary hypertension.
The ratio of albumin to globulin in serum reflects a relative change in albumin and globulin in disease states. A lower globulin level indicates a weaker immune response. Our data showed insignificantly lower globulin levels in G1 compared to G2 and control groups. These findings agree with those of Pollack et al [46] and support the notion that attenuated functions of immune proteins are an early event in hospitalized critically ill infants, which renders younger malnourished infants more susceptible to severe respiratory distress and mortality.
Copper
Copper is an essential antioxidant trace element and is transported bound to enzymes such as the ferroxidase ceruloplasmin (Cer) and Cu, Zn-superoxide dismutase that use Cu as a co-factor in electron transfer reactions. Our results revealed a significant reduction in plasma Cu on admission of G1 compared to C. Serum Cu is not altered by marginal Cu deficiency, but the relatively minor decrease in plasma Cu in G1 may reflect a more serious depletion at the tissue level, similar to the observation of Karakas et al (2001) [47] . Absorbed Cu is primarily transported by plasma albumin from the intestine to the liver or to the kidney. The depressed albumin levels in the two patient groups could explain their lower Cu levels than those of C patients.
Ceruloplasmin
Iron deficiency (low ferritin) with and without anemia in young infants is a major endemic problem associated with low socioeconomic status in Egypt. Low Hb and iron deficiency (ferritin) were present in 73% and 38%, respectively of Egyptian infants who participated in the CRSP study (reviewed [48] ). Studies from an Egyptian population of underweight infants aged 6 -36 months revealed a low iron status [34] . Iron deficiency anemia has a negative effect on physical growth. Loading of transferrin with iron is a function of Cer. Cer is an acute phase reactant, as it regulates hypoxia-inducible factor. In our study, Cer activity in G1 and G2 patients was reduced significantly compared to C, which paralleled plasma Cu levels. Our results contradict those of Sobol and Pyda [49] who reported higher serum Cu and Cer values in the acute stage of pneumonia in infants aged 2 -12 months compared to healthy controls. Cer is a ubiquitous iron metabolizing antioxidant protein. As it activates oxygen, Cer antagonizes prooxidant-mediated reduction of non-protein-bound iron III to the toxic form iron II. Subsequently, Cer transfers iron II in transferrin to the bone marrow for hematopoiesis. In inflammation, while circulating levels of Cer increase, the capacity for iron transport decreases as the mobilization of Fe 3+ from stores and consequently its incorporation into Hb is reduced.
The majority of patients in our study showed low Hb levels on admission. Iron was administered to a high proportion of G1 patients as a component of parenteral nutrition, whereas the majority of G2 patients received only enteral iron. Five of our study patients demonstrated severe forms of anemia together with advanced malnutrition. Metwally et al (2000) [50] reported increased prevalence of stunting and wasting in children with anemia from slum areas in Egypt, compared to controls.
Closing remarks
Tolerance of critically ill infants to oxygen over long period of time may be altered by their underlying severe malnutrition. Nutritional support administered during the intensive care was insufficient to prevent or ameliorate the persistent malnutrition and the deteriorated immunological state in patients. The mechanism involved in the development of hypoalbuminemia in malnourished pneumonic infants can be attributed to injuries mediated by oxygen therapy. More studies need to be done to investigate whether severely undernourished young infants with severe RD need ventilation for long time.
